We have compared the use of the laryngeal mask airway with the new modified laryngeal tube in a prospective randomized controlled study. Sixty ASA 1 or 2 patients, aged 18 to 65 years, scheduled for elective surgery and breathing spontaneously under general anaesthesia, were studied. After preoxygenation, anaesthesia was induced with fentanyl and propofol. The patients were randomized to receive either a laryngeal mask airway or a laryngeal tube. Anaesthesia was maintained with nitrous oxide, oxygen and isoflurane. We recorded the speed and the ease of insertion, the number of attempts needed to successfully secure the airway and intraoperative complications, such as partial airway obstruction needing airway manipulation. The airway devices were removed with the patients fully awake at the end of surgery. Systolic arterial blood pressure, heart rate and end-tidal CO 2 were recorded at various time intervals. Postoperative complications were recorded. We found that the incidence of partial airway obstruction needing intraoperative airway manipulation was higher with the laryngeal tube than with the laryngeal mask airway. We conclude that during spontaneous ventilation the modified laryngeal tube is not as reliable in providing a satisfactory airway and we consider it is not a suitable alternative to the laryngeal mask airway.
The laryngeal tube (VBM, Germany) has been recently introduced into clinical practice. The design of the laryngeal tube is based on the oesophageal obturator airway and it is designed to be inserted blindly into the oesophagus. The prototype laryngeal tube consisted of a short airway tube with a small balloon cuff attached at the tip and a larger balloon cuff at the middle section of the tube. Each cuff was inflated via a separate pilot tube and balloon, through which the cuff pressure could be monitored. An oval hole located between the cuffs allowed lung ventilation. A black line on the mid-part of the tube indicated an adequate depth of insertion when aligned with the teeth. This prototype was subsequently improved. Instead of two pilot tubes, one was used to inflate both cuffs in the improved device. The modified tube is slightly longer and there are three black lines to indicate adequate depth of inser-tion. The tip is made of soft silicone to minimize oropharyngeal injury and the integrity of the cuff has been improved.
The first case report regarding the use of laryngeal tube was published in 1999 1 . Since then studies have been conducted in manikins to evaluate its use as a new device for emergency airway management [2] [3] [4] [5] [6] . Following encouraging results in these studies, other studies were conducted in anaesthetized patients during intermittent positive pressure ventilation 7, 8 . The laryngeal tube has also been used successfully for out-of-hospital resuscitation 9 . Recently its utility in five edentulous patients scheduled for elective surgery was reported to be more satisfactory than ventilation through a facemask 10 . Whilst studies of the laryngeal tube during intermittent positive pressure ventilation found positive results, the two studies 11, 12 that have been conducted on patients breathing spontaneously were not encouraging. Both these found that the laryngeal tube is associated with a high incidence of airway obstruction and that it is of limited use for spontaneous ventilation. Following these reports, a further modified version of the laryngeal tube ( Figure 1 ) was made and this is now the only version available commercially. This latest version of laryngeal tube has two holes, instead of one, near the distal aperture, for lung ventilation. The manu-facturers claim that with this modification, the incidence of airway obstruction has been dramatically reduced. However we are not aware of any studies evaluating this latest version of the laryngeal tube. The aim of this study was to compare the efficacy of this modified laryngeal tube with that of the laryngeal mask airway in patients breathing spontaneously under general anaesthesia.
MATERIAL AND METHODS
This was a prospective randomized controlled trial. Approval was obtained from the University of Malaya Medical Centre ethical committee and informed written consent was obtained from the patients. We studied 60 adult patients (ASA 1 or 2, aged 18 to 65 years) undergoing elective surgery (mainly minor breast surgery) that did not require tracheal intubation and mechanical ventilation. Exclusion criteria included patients at risk of pulmonary aspiration of gastric contents and those with features suggestive of possible difficult intubation (for example Mallampati III classification, a receding chin, protruding front teeth and limited neck extension).
All patients were fasted overnight and received oral midazolam 0.15 mg.kg -1 two hours prior to surgery. They were randomized to receive either a laryngeal tube or a laryngeal mask airway using a random number sequence and selection of a sealed envelope. After obtaining intravenous access, the patients were preoxygenated for three minutes before anaesthesia was induced identically with 1 µg.kg -1 of fentanyl and 2 mg.kg -1 of propofol. Further increments of propofol 0.5 mg.kg -1 were repeated every 30 s, if required, to achieve adequate anaesthetic depth. The laryngeal tube or laryngeal mask airway was inserted after loss of eyelash reflex. The same investigator (CLC) inserted the airways in all 60 patients.
The size 3 laryngeal mask airway (Laryngeal Mask Company, Cyprus) was used for female patients and the size 4 for male patients. The insertion of the laryngeal mask airway was performed as outlined in the manufacturers' instruction booklet. Twenty millilitres of air were injected into the size 3 and 30 ml into the size 4 laryngeal mask airway.
The appropriate size of the laryngeal tube was chosen according to the patient height: size 3 for <155 cm and size 4 for 155 to 180 cm. Before insertion of the laryngeal tube, both cuffs were deflated and well lubricated. With the head extended on the neck, the tip of the laryngeal tube was placed against the hard palate behind the upper incisors and the device was slid down the centre of the mouth to a depth indicated by the recommended marks on the tube, which correspond to the level of the teeth or gums. The cuffs were inflated to 60 cmH 2 O using the pressure gauge manometer (VBM) supplied by the manufacturer. The laryngeal tube or laryngeal mask airway was then connected to a circle breathing system.
We assessed the adequacy of ventilation after inserting the airway devices by observing the tracing of end-tidal CO 2 waveforms and chest movement. If the patients were still apnoeic after the insertion of the laryngeal tube, ventilation was assisted until the onset of spontaneous ventilation. If it was not possible to ventilate the lungs, or if end-tidal CO 2 and/or chest movement did not indicate a patent airway, the laryngeal tube or laryngeal mask airway was removed and reinserted after a supplemental dose of propofol (up to 1 mg.kg -1 ). If it was still not possible to insert or ventilate through the laryngeal tube or laryngeal mask airway after three attempts, a failure was recorded and the study terminated. The airway was then secured in the most suitable manner determined by the anaesthetist. After successful placement of the laryngeal tube or laryngeal mask airway, anaesthesia was maintained with 66% nitrous oxide in oxygen and isoflurane (1 to 2 minimum alveolar concentration).
Ventilation of the lungs was manually assisted until respiratory efforts were regular. The patients breathed spontaneously throughout the procedure and no muscle relaxants were given. Intermittent fentanyl boluses were given for inadequate analgesia. All patients received standard monitors such as electrocardiograph, pulse oximeter, non-invasive blood pressure monitor, capnograph, inspired oxygen and volatile agent analyzers. After commencement of surgery, patients were observed for any sign of partial or complete airway obstruction. This was diagnosed clinically (see-saw chest movement, noisy breathing, straining, unsatisfactory movement of the reservoir bag) or by observation of the shape of end-tidal CO 2 tracing. If partial or complete airway obstruction was noted, airway manipulations (pushing the airway in or out to find the ideal position, changing the position of the head to neutral position, further extension of the head and chin lift or jaw tilt) were used in an attempt to clear the airway. Failing that, the laryngeal tube or laryngeal mask airway was removed and the airway secured by other means. At the end of the surgery the laryngeal tube or laryngeal mask airway was removed with the patient fully awake.
Time of insertion was defined as from the removal of the facemask to successful delivery of the first tidal volume. The number of attempts required to insert the laryngeal tube or laryngeal mask airway successfully was recorded. Any episodes of desaturation, difficulty maintaining the airway or of intraoperative airway manipulation were recorded. Duration of anaesthesia and surgery were noted. Systemic arterial blood pressure and heart rate were recorded at the following times: prior to induction of anaesthesia, after insertion of the laryngeal tube or laryngeal mask airway, prior to surgical incision, two minutes after incision, prior to removal of the laryngeal tube or laryngeal mask airway, two minutes after removal of tube and on discharge. End-tidal CO 2 was recorded after insertion of the laryngeal tube or laryngeal mask airway, prior to surgical incision, two minutes after incision and prior to removal of the laryngeal tube or laryngeal mask airway. Postoperative complications were assessed and recorded at the time of discharging the patient from the recovery ward.
The primary outcome was the percentage of patients requiring airway manipulation. The sample size was estimated on the basis that the percentage patients requiring manipulation in the laryngeal mask airway group would be 5% (based on our previous study and pilot data) and that 30% would represent a clinically important difference. With apha at 0.05 and beta at 0.2, the sample size required was 30 per group.
Results are presented as mean and standard deviation or median and percentile. The Statistical Package for the Social Science (SPSS) version 10.0 for Windows was used for statistical analysis. Haemodynamic data were analysed using ANOVA for repeated measurements. Categorical data were analysed using the Chi square test. Ordinal data were analysed using the Mann Whitney U test. Differences were considered statistically significant when P<0.05.
RESULTS
Patients' characteristics, duration of anaesthesia and surgery and dose of propofol and fentanyl administered are shown in Table 1 . The two groups were well matched.
Time taken for successful insertion of the device, ease of insertion, the number of attempts needed to successfully insert the laryngeal tube or laryngeal mask airway and the incidence of intraoperative air- way manipulation are shown in Table 2 . Apart from airway obstruction needing manipulation there were no other intraoperative complications. No patient recorded an oxygen saturation of less than 96%. Two patients from the laryngeal mask airway group and one from the laryngeal tube group complained of mild sore throat postoperatively. No other complications were recorded at discharge.
Haemodynamic data and end-tidal CO 2 are presented in Figures 2-4 . There were no differences in the systolic arterial pressure and heart rate between the two groups. The end-tidal CO 2 was significantly higher in the laryngeal tube group (by ANOVA for repeated measurements).
DISCUSSION
Two previous studies found that, when used in spontaneously breathing patients, the laryngeal tube was associated with a high incidence of airway obstruction [11] [12] . In these studies, the patients' weight was used to determine the appropriate size of the laryngeal tube, as outlined in the manufacturers' instruction booklet. In addition, the previous version of the laryngeal tube, with one anterior opening, was used. It was proposed that patient height might be a more appropriate determinant when choosing the size of the laryngeal tube, because the distance between the teeth and the oesophageal inlet would correlate more with height than with weight 7 . The authors also postulated that the epiglottis might obstruct the single anterior opening 11 . If this was the case, more openings could result in improved efficacy. In this present study, height was used to determine the size of the laryngeal tube, as this is the new recommendation by the manufacturers. In addition, we used the modified version of the laryngeal tube with two anterior openings, because this modified laryngeal tube is now the only version available commercially. Despite these differences from previous trials, this randomized controlled study found that the laryngeal tube, used in spontaneously breathing patients, required more insertion attempts and was associated with a higher incidence of airway obstruction needing airway manipulation, when compared with the laryngeal mask airway.
In our study, the same investigator inserted all the laryngeal tubes (and the laryngeal mask airways) to eliminate user bias. This investigator had been exposed to insertion of the laryngeal tube in a previous study 12 and was considered to be relatively experienced, minimizing "learning curve" bias. We saw no evidence that the efficacy of the laryngeal tube changed as the study progressed and our observation was that, if anything, loss of airway control during surgery became more frequent towards the end of the trial. Although it remains possible that more experience is required to learn the technique of insertion for the laryngeal tube, an extended learning curve is not evident for use of the laryngeal mask airway. Higher rates of successful insertion at the first attempt than achieved by the anaesthetist involved in this trial have been reported for less skilled personnel 13, 14 . It is difficult to justify use of a device that In our study, we noted that on occasion, manual ventilation of the lungs was successful (when patients were still apnoeic following induction of anaesthesia) despite a subsequent need for airway manipulation during spontaneous ventilation. This is in agreement with Miller et al 11 who postulated that the burden of an increased work of breathing in partial airway obstruction is easily overcome by manual ventilation, but not as easily by a patient's respiratory effort. During spontaneous breathing this increase in work of breathing by the patient may result in increased CO 2 production and less CO 2 elimination. We found that the end-tidal CO 2 was significantly higher in the laryngeal tube group compared with the laryngeal mask airway group. Immediately after insertion of the laryngeal tube or laryngeal mask airway, there was no difference in the end-tidal CO 2 recorded, probably because most patients were apnoeic and required manual ventilation. Subsequently, when spontaneous respiration had resumed, those who received the laryngeal tube had significantly higher end-tidal CO 2 readings. Although various airway manipulations appeared to successfully overcome airway obstruction in the laryngeal tube group, the end-tidal CO 2 remained higher. However, this small difference in end-tidal CO 2 is not likely to be clinically relevant.
In our opinion, despite modification, the current version of laryngeal tube is not a viable alternative to the laryngeal mask airway for use in spontaneously ventilating patients.
